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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a headlamp,
and more particularly to a headlamp employing a light-
emitting diode.

Description of the Background Art

[0002] Conventionally, a light bulb was used for a
headlamp mounted to abicycle or thelike, as in Japanese
Utility Model Laying-Open No. 02-031003. In recent
years, however, with advancement of semiconductor el-
ements and from the standpoint of low power consump-
tion, a light-emitting diode has been adopted. In the head-
lamp employing the light-emitting diode, the light-emitting
diode is mounted on a substrate portion and arranged
within a prescribed casing, and is provided with neces-
sary power from a battery housed in a battery case within
the casing to turn on a light.

[0003] When the intensity of the light emitted from the
light-emitting diode is increased to provide brighter light,
heat is also generated from the light-emitting diode. If the
temperature of the bonded portion of the light-emitting
diode increases, luminous efficiency of the light-emitting
diode decreases, leading to shortening of its life as well.
Thus, it is desirable to provide a heat sink to absorb and
dissipate the generated heat so as to suppress the in-
crease in temperature of the bonded portion of the light-
emitting diode.

[0004] Further, soldering for bonding the light-emitting
diode to the substrate portion increases the temperature
of the substrate portion, and the generated heat will affect
the elements mounted on the substrate portion, including
the light-emitting diode.

[0005] Thus, in order to protect the light-emitting diode
and other elements mounted on the substrate portion
from the heat, the substrate portion is made, e.g., of an
aluminum plate having heat-dissipating capability, and a
copper foil formed on the aluminum plate with an epoxy
resin interposed therebetween. This means that the light-
emitting diode is mounted on the aluminum plate with the
epoxy resin and the copper foil interposed therebetween.
[0006] With the conventional headlamp employing the
light-emitting diode, however, the heat dissipated from
the substrate portion will remain around the substrate
portion, making it difficult to suppress the temperature
increase of the substrate portion.

[0007] Further, since the epoxy resin is disposed on
the aluminum plate, sufficient conduction of the heat gen-
erated from the light-emitting diode or the heat upon sol-
dering the light-emitting diode to the aluminum substrate
portion cannot be expected, leading to degradation of
the light-emitting diode and others.

[0008] US 6,357,893 B1 discloses a flash light com-
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prising a flexible substrate on which a plurality of light
emitting diodes is mounted. Perforations in the substrate
provide cooling to the light sources by convection or
forced air.

SUMMARY OF THE INVENTION

[0009] The presentinvention has been made to solve
the above-described problems. An object of the present
invention is to provide a headlamp that can prevent heat
generated from a light-emitting diode and heat upon
bonding the light-emitting diode on a substrate portion
from adversely affecting the light-emitting diode and oth-
er elements mounted on the substrate portion.

[0010] A headlamp according to the present invention
comprises the features of claim 1.

[0011] With this configuration, the heat generated from
the light-emitting diode and conducted to the substrate
portion is dissipated to the surrounding area, so that the
air located in the spacing is warmed. The warmed air in
the spacing flows via the vent hole into the battery case
where it is cooled, and the cooled air flows via the vent
hole back to the spacing where it is warmed again. As
this cycle is repeated, the air circulates through the spac-
ing and the inside of the battery case. Accordingly, com-
pared to the case of a conventional headlamp not pro-
vided with a vent hole, circulation of the air enables effi-
cient dissipation of the heat of the substrate portion,
thereby preventing the heat generated from the light-
emitting diode from adversely affecting the light-emitting
diode and other elements mounted on the substrate por-
tion.

[0012] Preferably, the vent hole is provided at both an
upper portion and a lower portion of a partition separating
the spacing from the inside of the battery case, to guide
the air warmed and flowing upward in the spacing effi-
ciently to the battery case, and to guide the air cooled
and flowing downward in the battery case efficiently to
the spacing.

[0013] Still preferably, the substrate portion includes a
substrate main body, and a holder provided on the sub-
strate main body and to which the light-emitting diode is
mounted. The substrate main body is preferably formed
only of a metal plate, and the holder is preferably provided
to contact a surface of the metal plate.

[0014] With this configuration, the heat generated from
the light-emitting diode is efficiently conducted to the met-
al plate, and efficiently dissipated into the air circulating
through the spacing and the inside of the battery case.
[0015] Alternatively, the substrate main body of the
substrate portion may include a metal plate, and a metal
foil formed on the metal plate with a resin interposed ther-
ebetween, since the vent hole is provided to efficiently
cool the substrate portion.

[0016] Specifically, the metal foil is preferably a copper
foil.
[0017] Further, the metal plate constituting the sub-

strate main body is preferably an aluminum plate.
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[0018] The substrate portion includes an opening pen-
etrating therethrough, and a rivet mounted to the opening
and connected with a terminal of the light-emitting diode
and also made to electrically contact the battery housed
in the battery case. The rivet is a hollow rivet.

[0019] With this configuration, since the rivet is hollow,
the heat upon soldering the terminal of the light-emitting
diode to the rivet is prevented from being conducted to
the substrate portion serving as a heat-dissipating plate.
Accordingly, it is possible to carry out soldering without
applying excessive heat to the part of the substrate por-
tion to which the terminal is connected, thereby suppress-
ing degradation of the elements mounted on the sub-
strate portion.

[0020] The foregoing and other objects, features, as-
pects and advantages of the present invention will be-
come more apparent from the following detailed descrip-
tion of the present invention when taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Fig. 1 shows an appearance of a headlamp employ-
ing a light-emitting diode.

Fig. 2 is a vertical cross sectional view of the head-
lamp shown in Fig. 1.

Fig. 3is a cross sectional view of the headlamp taken
along the line -1l in Fig. 2.

Fig. 4 is a cross sectional view of the headlamp taken
along the line IV-IV in Fig. 2.

Fig. 5is a partial enlarged cross sectional view show-
ing a substrate portion and its vicinity in the head-
lamp.

Fig. 6 is a graph showing time-dependency of the
substrate temperature.

Fig. 7 is a cross sectional view showing a substrate
portion that is used in a headlamp employing a light-
emitting diode according to an embodiment of the
present invention.

Fig. 8is a partial enlarged cross sectional view show-
ing a rivet and its vicinity of a substrate portion in the
headlamp of the embodiment.

Fig. 9is a partial enlarged cross sectional view show-
ing the substrate portion and its vicinity in the head-
lamp of the embodiment.

Fig. 10 is a cross sectional view showing another
substrate portion for comparison in the embodiment.

[0022] As an example of the headlamp employing a
light-emitting diode a headlamp mounted to a bicycle is
explained. As shown in Fig. 1, the headlamp 1 has a
casing 3 for accommodating a light source, a battery and
others to protect them against weather. Casing 3 is pro-
vided with an attachment 5 for attaching headlamp 1 to,
e.g., a handlebar (not shown) of a bicycle.

[0023] As shown in Fig. 2, provided within casing 3 of
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headlamp 1 are a substrate portion 7 to which a light-
emitting diode 13 as the light source is mounted, and a
battery case 9 for housing a battery 11 for supplying nec-
essary power to light-emitting diode 13. A reflecting mir-
ror 19is provided on the same side as light-emitting diode
13, for directing the light emitted from light-emitting diode
13 frontward.

[0024] Substrate portion 7, mounted with light-emitting
diode 13 and serving as a heat sink, is arranged spaced
apart from a partition 10 positioned on the front side of
battery case 9, with spacing 8 provided between sub-
strate portion 7 and partition 10. Substrate portion 7 is
arranged such that a rivet (see Fig. 5) mounted on sub-
strate portion 7 comes into contact with a prescribed ter-
minal (see Fig. 5) provided on partition 10 of battery case
9. Battery case 9 has a space for accommodating four
batteries 11, for example, as shown in Fig. 3.

[0025] As shown in Figs. 2, 4 and 5, headlamp 1 is
further provided with a vent hole 20 at partition 10 of
battery case 9, for circulation of the air between the spac-
ing 8 and the inside of the battery case. Vent hole 20 has
an upper vent hole 20a and a lower vent hole 20b that
are formed on the upper and lower portions, respectively,
of partition 10 corresponding to the upward and down-
ward directions of the headlamp in the secured state (in
the use state).

[0026] In this headlamp 1, firstly, heat generated from
light-emitted diode 13 having turned on is conducted to
substrate portion 7. The heat is then dissipated into the
surrounding area, to thereby warm the air in spacing 8.
The warmed air rises to the upper part in spacing 8.
[0027] Since upper vent hole 20a is provided to estab-
lish communication of spacing 8 with the space within
battery case 9, the warmed air flows via upper vent hole
20a into battery case 9, as shown by an arrow 31, away
from substrate portion 7. As the air becomes farther from
substrate portion 7 being the heat source, it is gradually
cooled and thus flows downward in battery case 9. The
air having reached the bottom part of battery case 9 flows
via lower vent hole 20b back into spacing 8 provided be-
tween partition 10 and substrate portion 7. The airrepeats
the above-described movement.

[0028] As such, the air circulates through spacing 8
and the inside of battery case 9 by repeating the cycle
where the air within spacing 8 warmed by the heat dis-
sipated from substrate portion 7 is sent via upper vent
hole 20a into battery case 9 where it is cooled, and the
cooled air is sent via lower vent hole 20b back into spac-
ing 8 where it is warmed again.

[0029] Evaluation was performed as to an increase in
temperature of the substrate portion of the headlamp
where the air is circulated as described above, in com-
parison with the case of a conventional headlamp. A re-
sult of the evaluation is now explained. Fig. 6 is a graph
showing the temperature increase of the substrate por-
tion after the light-emitting diode is turned on. The graph
shows time-dependency of the temperature of the sub-
strate portion, with the horizontal axis and the vertical
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axis representing time (minute) and temperature, respec-
tively.

[0030] As shownin Fig. 6, the temperature of the sub-
strate portion gradually increases from the turning on of
the light-emitting diode. It ceases to increase after about
30 minutes, and becomes thermally balanced. The tem-
perature of the substrate portion at this time was about
78°C inthe conventional headlamp, whereas itwas about
73°C in headlamp described above having proved that
provision of vent hole 20 enables circulation of the air,
resulting in efficient heat dissipation.

[0031] Asdescribedabove, accordingtothe headlamp
described above as shown by the graph of Fig. 6, com-
pared to the conventional headlamp not provided with a
vent hole, the heat conducted from light-emitting diode
13 to substrate portion 7 is efficiently dissipated, thereby
suppressing an excessive increase of the temperature
of substrate portion 7. As aresult, it is possible to prevent
degradation of light-emitting diode 13 and other elements
mounted on substrate portion 7, and ensure longer lives
thereof.

Embodiment

[0032] A headlamp employing a light-emitting diode
according to an embodiment of the present invention is
now described. In the present embodiment, as shown in
Fig. 7, asubstrate portion 7 to which a light-emitting diode
13 is mounted is formed only of an aluminum plate 7a.
Light-emitting diode 13 is mounted to a holder 15 that is
provided directly on a surface of aluminum plate 7a.
[0033] Further, as shown in Fig. 8, substrate portion 7
is provided with a through hole 16 penetrating there-
through. A hollow rivet 17 as a prescribed rivetis mounted
to through hole 16.

[0034] AsshowninFigs. 8 and9, rivet 17 has one end
connected to a terminal of light-emitting diode 13, and
another end connected to a terminal 12 provided on par-
tition 10 of battery case 9 for providing power.

[0035] As described above, in the headlamp of the
present embodiment, substrate portion 7 formed only of
aluminum plate 7a is employed for substrate portion 7 to
which light-emitting diode 13 is mounted. As such, com-
pared to the case of a substrate portion 77 as shown in
Fig. 10 where a copper foil 7c is formed on an aluminum
plate 7a with an epoxy resin 7b interposed therebetween,
the heat generated from light-emitting diode 13 is con-
ducted to aluminum plate 7a more efficiently. The heat
conducted to aluminum plate 7a is efficiently cooled by
the air circulating through spacing 8 and the inside of
battery case 9, as described above.

[0036] Further, inthe headlamp of the present embod-
iment, a terminal of light-emitting diode 13 is soldered to
hollow rivet 17 mounted to substrate portion 7. This sup-
presses conduction of the heat upon soldering, from the
soldered portion to substrate portion 7. Thus, soldering
can be carried out without applying excessive heat to the
part of the substrate portion to which the terminal of the
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light-emitting diode is connected. As aresult, degradation
of the elements mounted to substrate portion 7 can be
prevented, and workability in soldering improves as well.
[0037] Itis notedthat, eveninthe case where substrate
portion 77 having copper foil 7c formed on aluminum
plate 7a with epoxy resin 7b interposed therebetween is
used as the substrate portion, provision of the vent hole
for establishing communication of spacing 8 with the in-
side of battery case 9 as described above enables circu-
lation of the air warmed by the heat dissipated from sub-
strate portion 77, unlike the case of a conventional head-
lamp not provided with such a vent hole, so that efficient
heat dissipation of substrate portion 77 becomes possi-
ble.

[0038] Further, although the aluminum plate has been
shown as a main body of the substrate portion, not limited
thereto, it may be any metal exhibiting relatively high ther-
mal conductivity.

[0039] Although the present invention has been de-
scribed and illustrated in detail, it is clearly understood
that the same is by way of illustration and example only
and is not to be taken by way of limitation, the scope of
the present invention being limited only by the terms of
the appended claims.

Claims

1. Aheadlamp (1) employing alight-emitting diode (13),
comprising:

a prescribed casing (3);

a battery case (9) formed in said casing (3) and
accommodating a battery (11) for providing pre-
scribed power to said light-emitting diode (13);
a substrate portion (7) provided in said casing
(3), spaced apart from said battery case (9), and
mounted with said light-emitting diode (13) and
serving as a heat sink; and

a vent hole (20) for circulation of the air between
spacing (8) that is provided between said sub-
strate portion (7, 77) and said battery case (9)
and the inside of said battery case (9), wherein
the vent hole (20) connects the spacing (8) and
the inside of the battery case (9)

characterised in that a terminal of the light-emitting
diode (13) is soldered to a hollow rivet (17) mounted
to the substrate portion (7).

2. The headlamp according to claim 1, wherein said
vent hole (20) is provided at both an upper portion
and a lower portion of a partition (10) that separates
said spacing (8) from the inside of said battery case

9).

3. The headlamp according to claim 1 or 2, wherein
said substrate portion (7) includes
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a substrate main body (7) and

a holder (15) provided on said substrate main body
(7) and to which said light-emitting diode (13) is
mounted,

said substrate main body (7) being formed only of a
metal plate (7), and said holder (15) being provided
to contact a surface of said metal plate (7).

The headlamp according to claim 3, wherein said
metal plate (7) is an aluminum plate.

The headlamp according to claim 1, wherein

said substrate portion (77) includes

a substrate main body (77) and

a holder (15) provided on said substrate main body
(77) and to which said light-emitting diode (13) is
mounted,

said substrate main body (77) including a metal plate
(7a) and a metal foil (7c) formed on said metal plate
(7a) with a resin (7b) interposed therebetween, and
said holder (15) being provided to contact a surface
of said metal foil (7c).

The headlamp according to claim 5, wherein said
metal foil (7c) is a copper foil.

The headlamp according to claim 5, wherein said
metal plate (7a) is an aluminum plate.

The headlamp according to one of claims 1 to 7,
wherein

said substrate portion (7) includes

an opening (16) penetrating through said substrate
portion (7) and the hollow rivet (17) is mounted to
said opening (16) and connected with a terminal of
said light-emitting diode (13) and also made to elec-
trically contact the battery (11) housed in said battery
case (19).

Patentanspriiche

1.

Scheinwerfer (1), der eine Leuchtdiode (13) verwen-
det, mit einem vorbestimmten Gehause (3),

einem Batteriegehause (9), das in dem Gehause (3)
gebildetistund eine Batterie (11) aufnimmt, zum Lie-
fern einer vorbestimmten Leistung an die Leucht-
diode (13),

einem Substratabschnitt (7), der in dem Gehause
(3) von dem Batteriegehause (9) entfernt bereitge-
stellt ist, an dem die Leuchtdiode 13) angebracht ist
und der als Kihlkorper dient, und

einem Luftloch (20) zur Zirkulation von Luft zwischen
einem Zwischenraum (8), der zwischen dem Sub-
stratabschnitt (7, 77) und dem Batteriegehause (9)
bereitgestellt ist, und dem Inneren des Batteriege-
hauses (9), wobei das Luftloch (20) den Zwischen-
raum (8) und das Innere des Batteriegehduses (9)
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verbindet,

dadurch gekennzeichnet, dass

ein Anschluss der Leuchtdiode (13) mit einem Hohl-
niet (17) verldtet ist, der an dem Substratabschnitt
(7) angebracht ist.

Scheinwerfer nach Anspruch 1, bei dem das Luftloch
(20) sowohl an einem oberen Abschnitt als auch an
einem unteren Abschnitt einer Trennwand (10) be-
reitgestellt ist, die den Zwischenraum (8) von dem
Inneren des Batteriegehduses (9) trennt.

Scheinwerfer nach Anspruch 1 oder 2, bei dem
der Substratabschnitt (7) enthalt:

einen Substrathauptkoérper (7) und

einen Halter (15), der an dem Substrathauptkor-
per (7) bereitgestellt ist und an dem die Leucht-
diode (13) angebracht ist,

wobei der Substrathauptkérper (7) lediglich aus ei-
ner Metallplatte (7) gebildet ist und

der Halter (15) so bereitgestellt ist, dass er Kontakt
zu einer Oberflache der Metallplatte (7) hat.

Scheinwerfer nach Anspruch 3, bei dem die Metall-
platte (7) eine Aluminiumplatte ist.

Scheinwerfer nach Anspruch 1, bei dem
der Substratabschnitt (77) enthalt:

einen Substrathauptkdrper (77) und

einen Halter (15), der an dem Substrathauptkor-
per (77) bereitgestelltist und an dem die Leucht-
diode (13) angebracht ist,

wobei der Substrathauptkdrper (77) eine Metallplat-
te (7a) und eine Metallfolie (7c) enthalt, die auf der
Metallplatte (7a) gebildet ist, wobei ein Harz (7b) da-
zwischen liegt, und

der Halter (15) so bereitgestellt ist, dass er Kontakt
zu einer Oberflache der Metallfolie (7c) hat.

Scheinwerfer nach Anspruch 5, bei dem die Metall-
folie (7c) eine Kupferfolie ist.

Scheinwerfer nach Anspruch 5, bei dem die Metall-
platte (7a) eine Aluminiumplatte ist.

Scheinwerfer nach einem der Anspriiche 1 bis 7, bei
dem

der Substratabschnitt (7) eine Offnung (16) enthalt,
die durch den Substratabschnitt (7) hindurchgeht,
und

der Hohlniet (17) in der Offnung (16) angebracht ist,
mit einem Anschluss der Leuchtdiode (13) verbun-
den ist und auch so ausgebildet ist, dass er elektri-
schen Kontakt zu der Batterie (11) hat, die in dem
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Batteriegehause (11) untergebracht ist.

Revendications

Projecteur d’éclairage (1) utilisant une diode électro-
luminescente (13), comprenant :

un boitier (3) prescrit;

un boitier de batterie (9) formé dans ledit boitier
(3) et recevant une batterie (11) pour fournir
I'énergie prescrite a ladite diode électrolumines-
cente (13) ;

une partie de substrat (7) placée dans ledit boi-
tier (3), espacée dudit boitier de batterie (9), et
montée avec ladite diode électroluminescente
(13) et servant de dissipateur thermique ; et
un trou d’aération (20) destiné a la circulation
de Il'air entre un espacement (8) qui est placé
entre ladite partie de substrat (7, 77) et ledit boi-
tier de batterie (9) et la partie intérieure dudit
boitier de batterie (9), dans lequel le trou d’aé-
ration (20) raccorde I'espacement (8) et la partie
intérieure du boitier de batterie (9), caractérisé
en ce qu’une extrémité de la diode électrolumi-
nescente (13) est soudée a un rivet creux (17)
monté sur la partie de substrat (7).

Projecteur d’éclairage selon larevendication 1, dans
lequel ledit trou d’aération (20) est placé a la fois sur
une partie supérieure et une partie inférieure d’'une
cloison (10) qui sépare ledit espacement (8) de la
partie intérieure dudit boitier de batterie (9).

Projecteur d’éclairage selon la revendication 1 ou la
revendication 2, dans lequel :

ladite partie de substrat (7) comprend :

un corps principal de substrat (7) ; et

un support (15) placé sur ledit corps princi-
pal de substrat (7) et sur lequel ladite diode
électroluminescente (13) est montée ;
ledit corps principal de substrat (7) étant for-
mé seulement d’une plaque métallique (7),
et ledit support (15) étant placé pour étre en
contact avec une surface de ladite plaque
métallique (7).

Projecteur d’éclairage selon la revendication 3, dans
lequel ladite plaque métallique (7) est une plaque
d’aluminium.

Projecteur d’éclairage selon la revendication 1, dans
lequel :

ladite partie de substrat (77) comprend
un corps principal de substrat (77) et
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un support (15) placé sur ledit corps principal de
substrat (77) et sur lequel ladite diode électro-
luminescente (13) est montée ;

ledit corps principal de substrat (77) comprenant
une plaque métallique (7a) et une feuille métal-
lique (7c) formée sur ladite plaque métallique
(7a) avec unerésine (7b) intercalée entre celles-
ci, et ledit support (15) étant agencé pour étre
en contact avec une surface de ladite feuille mé-
tallique (7c).

Projecteur d’éclairage selon la revendication 5, dans
lequel ladite feuille métallique (7c) est une feuille de
cuivre.

Projecteur d’éclairage selon la revendication 5, dans
lequel ladite feuille métallique (7c) est une feuille
d’aluminium.

Projecteur d’éclairage selon 'une quelconque des
revendications 1 a 7, dans lequel ladite partie de
substrat (7) comprend :

une ouverture (16) pénétrant au travers de ladite
partie de substrat (7), et

le rivet creux (17) est monté sur ladite ouverture
(16) et relié a une extrémité de ladite diode élec-
troluminescente (13) et également mis en con-
tact électrique avec la batterie (11) contenue
dans ledit boitier de batterie (19).
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